ADVANCES IN

: J
1. Microfabricated Capillary Array Electtophoresis “chips” for high throughput
genetic analysis - The Next Generation sé&luencing and genotyping platform.

2. Polymorphism Ratio Sequencing - A cle' tUCAE resequencing method. .
3. Development of an ultra-high throughput 334 lane\wCAE device.

¢. Dévelopment of nanoliter sample handling PCR reactor for integ_ratéd
10yv-volume sample preparation and for point-oftanalysis devices. '
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Evolution of the CAE Microplate
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Typing 96 STR Samples in <8 Minutes Hereditary HaemoChromatosis SNP Genotyping

STR’s Labeled with ET Cassettes: ".‘ 3

CSFIPO  315-323 bp
TPOX 244248 bp
D7S820 220231 bp o
THOI  210-211bp ottt i
DI3S317  189-190bpys  {[F,
VWA 163-164 bp

- lanes 1-48: ET
anes 49-96: F2
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Medintz et al., Clinical Chemistry 47, 1614 (2001) Medintz et al., Genome Research 11, 413 (2001)

Berkeley Rotary Confocal Fluorescence Scanner

Scanning Fluorescence Microscopy Instrumentation

Shi et al., Anal. Chem. 71, 5354 (1999)
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HIGH-THROUGHPUT DNA SEQUENCING ON

® Layout 96 CE channels ~15-cm long on a 150-mm wafer
Radial CAE Design - Shi et al. Anal. Chem. (1999) 71: 5354-61.
Serpentine Channel Geometry - Paegel et al., (2002) PNAS 99: 5?4"-7"
Hyper-Turns - Paegel et al., Anal. Chem. (2000) 72: 3030-37. .

® | oad high-viscosty gel (n ~ 50,000 cp)
High-Pressure Gel Loader - Scherer et al., Biotechniques (2001) 31

® Eliminate rapid (~3 min) buffer evaporation @ 60° C
Formamide Sample Loading Buffer
Expanded Buffer Reservoir

e Electrolysis in reservoirs exceeds buffering capacity
Expanded Buffer Reservoir
5X TTE Buffer

SEQUENCING PROCESSOR DESIGN
Layer Assembly of MCP DNA Sequencer

Sample il

Cathode Voltage i
and Buffer Supply

Elastomer
Buffer Loop

Waste Voltage I

and Buffer Supply '

MCP

Heater

Buffer Loop Capacity: 3 mL
Total System Current: 3 mA
Heater Temperature: 60° C

Cathode Sample




HIGH-THROUGHPUT MCP SEQUENCING of M13mp18 DNA

Sequenclng Gel Image

Average Accuracy
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Total Analysis Time: 30 min.
Total Phred 20 Bases: 41,120
Capacity: 1,370 bp/min

Base Position

A C G T

Paegel et al., PNAS (2002) 99: 574-79.

Lane Number

uCAE Sequencing Optim
M13 Standards and JGI Prod ictior

Commercial Matrix — Mixed High & Low M,,, LPA
Lower Field — 150 V/iem

M13 4-Color Standard

Dye-Primer Chemistry
Phred20 Read = 670 bp
Analysis time = 30 min

10-50 hpmmm
100-150 bp MMMMMW%
200-250 bp MMWM
300-350 bp MMM&M : J
400-450 bp| | Jﬂmm
500-550 bp LWL U

600-650 bp W‘MMMW




Polymorphism Ratio Sequencing
A New Approach for SNP Genotyping

g Ref 2 S 1
e Existing Methods _ ? mmw _ _ amp e' _
: CAGCTGCTITC CAGCTGTTTC
- Microarrays
o ) J Green prim{,-r, ddC’TpP Red primer, ddCTP
?}E.E]L‘lCﬂclﬂg s CAGE I(u( T CAGCTGTTTIC
- Mini-sequencing <
- Allele-specific PCR l ‘
-OLA f

- SSCP
- Pyrosequencing

{}\(r(l(u-l‘-l C

e Polymorphism Ratio Sequencing
- SNP discovery and screening

A/C Trace G/T Trace
- FUCLIS on sequence Changcs - 1 [
- Unambiguous SNP detection Reference lr, l{:} lﬁ lirJ
- Extended read-lengths

- Quantirative pooled analysis N : “N
Sample v # v w

PRS Analysis of the Human Mitochondrial Genome
g

A-G Transition

ks et = e, “
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125 cytb

RNA 0/ 16569 ND} .

: l"m Human Mitochondrial DNA Map

13 Proteins

ACATGACTAATTCCC .*.1. ACATCCAAACAACCATA

Detection in Low-Quality Region

N— ® 'l'wo mitochondrial genomes scanned in 30 min.
using PCAL system.

® 30 known polymorphisms identified

GREGEECATACTTACTAAAG TG TG TTAATTAAT AATG @ (6 novel polymorphisms discovered and confirmed




Quantitative Pooled Allele Frequency Determination
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e PRS is useful for:
- Population allele frequency
0%, iradls
determination
CCAGCCAGGCAACCTTFTAGGTACGACC - High-throughput association
® 5% minor allele frequency LOD studies using patient pools
®  Single base resolution not required - Rare variant detection

Design of the 384-Channel CAE Microdevice

C = CATHODE WELL
S, = SAMPLE WELL

* 384 parallel channels &
+ 8.0 cm effective separation length \ d
« Fluidically-balanced direct injectors

* 2.5 uL sample volume

* Highest device density possible on
a 200-mm dia. wafer




Genotyping 384 Samples for the H63D Mutation in HFE
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+ 384 Samples run in parallel

+ 350 sec. analysis time

+ 98.5% accuracy

« H63D mutation in
hemochromatosis detected
by PCR-RFLP

BquIny aueq

- 246 (mt) Mbols 172/74 (wt) bp
fragments with a 100 bp ladder '

+ Sieving matrix: 5% pDMA with
1 uM thiazole orange

Run Time (seconds Run Tims {seconcs)

Integrated Genomic Analysis Device

20 cycles, 5 template copi
Microfluidic PCR-CE Analysis
M13 product = 136 bp|
T
5t
|
= Conventional |
< |PcR
product
5-
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pBR-322 ' 2
[Mspl 1
Hydrophobic Vent Microfiuidic Valve L DNA ladder 5!
5p
1 —
80 90 100 110 120 130
Migration Time (seconds)
30 seconds/cycle

Temperature ramp rates to 10 °C
Lagally et al., Sens. Actuators B 63, 138-146 Direct injection and separation on 5-cm CE channel




Stochastic Amplification from Single Template Molecules

25 ~1 M13 molecule present in
I t
ket chamber at start of

20 amplification

@
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210 3 molecules 25 cycles multiplex
3 1 molecule 3 molecules stepdown PCR to
3 ~ ——— coamplify M13 and
=

231 bp control

0

0 02 04 06 08

Peak Area Ratio = Aq3g /(Aq136 + A231)
05 Event clustering indicative
H of discrete numbers of
0.4 template molecules

30

| A =0.9% 0.1 molecules In reactor

20 g
033

15 BE

10 0. &£ Event frequencies fit
2 presumed Poisson

0.1 distribution
(N=60)

Number of events (expt / theory)

0 == '
0 1 2 3 4 5
Number of template copies

60 70
Time (seconds)

Integrated PCR-CE Microdevice with Microfabricated
Heaters and Temperature Sensors

MATHIES LAB
UC BERKELEY

b TilPt RTD

1 TilPt RTD \ Electroplated gold

leads localize heating

(I ——
1/ Si0, passivation—, .
| | Si0, passivation

= allows PCR, protects
Electroplated Au leads  11/Pt heater chamber device i
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